I NCREASES in the sodiun content of red blood cells have been described in patients with chronic uremia," cancer," and bumso and have been ascribed to a defect in the erythrocyte's active transport mechanism for sodium.O Data presented by Middleton and associates,? and Campion and colleague3 suggest that a generalized defect in the active transport of sodium across the cell membrane also occurs in hemorrhagic shock. If the red cell membrane is also altered in hemorrhagic shock, this cell would be a valuable model for the study of the defect in the cell membrane electrolyte pump. Cunningham and associates4 demonstrated a rise in red cell sodium in patients with severe and prolonged hemorrhagic shock. The present study was undertaken in an effort to determine if changes in water and electrolyte content of the red cells occur in monkeys subjected to hemorrhagic shock.
Material and Methods
Eighteen healthy ringtail monkeys (Cebur Apelo) weighing between 1 and 2 Kg. were anesthetized with Semylan ( 2 mg./Kg.). A femoral artery and vein were exposed and catheterized with a polyethylene catheter (PE 190) . A 5-ml. sample of arterial blood was removed from each monkey and the blood pressure recorded on three occasions at 30-minute intervals for control data. Blood pressure was obtained with a Statham B b transducer and recorded on a hot-stylus recorder. Arterial blood was then removed until the arterial pressure remained between 40 and 60 mm. Hg for 30 minutes. No blood was reinfused, and additional 5-mL samples of arterial blwd were removed every hour thereafter until the animal's death.
The blood samples were analyzed for pH, Po, and Pco?, and for the electrolyte content of the red cells and serum by the following methods: An aliquot of each sample was immediately analyzed for pH and gas pressure on a pH-gas analyzer.' The remaining sample was centrifuged at 15,000 RPM for 10 minutes at 4 C. After plasma was pipetted off, the buEy coat and top layer of red cells was removed and discarded. The plasma was analyzed for sodium, potassium, lactate, and chloride concentrations by previously described methods.'J A weighed aliquot of the red cells was dried in a vacuum oven at 90 C for 48 hours and the difference between the wet and dry weights of the red cells was taken as red cell water; no correction was made for trapped water. Another aliquot of red cells was washed three times in iso-osmotic magnesium chloride at 0 C and hemolyzed. A method described by Welt and associates1° was used to determine the concentrations of sodium and potassium in the red cells. The means of three control values and of the last samples taken before death were statistically compared by a paired two-tailed t test. Attempts were made to determine relationships between the various parameters and to determine the effect of time on the parameters by linear regression and multivariant analysis.
Results
The 18 monkeys lived an average of 177 minutes (range, 60 to 315) after the onset of hemorrhagic shock. Red-cell sodium increased signScantly w h e p s redcell potassium and water showed only minor and insignificant changes ( Table 1) . The serum sodium in-
